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© The overcharge preventing circuit for secondary 
batteries comprises overcharge detecting compara- 
tors (C0MP2, C0MP4), each having a hysteresis 
circuit (1), which are connected between positive 
and negative electrodes of series-connected secon- 
dary batteries (Abat, Bbat), and overdischarge de- 
tecting comparators (C0MP1, C0I\/1P3), each having 
a hysteresis circuit (2). again connected beteween 
said electrodes. Transistors (T1, T2) and a resistor 
(R) are connected between the batteries for overflow 
of overcharge and balance of overdischarge. Upon 
detection of any over charge by the comparator 


C0MP2 or C0MP4, the charge current is interrupted 
by a transistor (T6). Simultaneously the overcharge 
overflow is discharged by the hysteresis circuit until 
the battery voltage is lowered to the hysteresis volt- 
age. After the discharge, the transistor (T6) is turned 
on to resume recharging of the batteries. Upon de- 
tection of any overdischarge by the comparator 
C0MP1 or C0MP3, the discharge current is inter- 
rupted by a transistor (T5). Thus, the overcharge and 
the overdischarge can be balanced by the hysteresis 
said circuits (1 ,2, respectively). 
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BACKGROUND OF THE INVENTION 

The present invention relates to a circuit for 
preventing overcharge and overdischarge of secon- 
dary batteries. 

There has been known heretofore the following 
method as a preventive measure against over- 
charge and overdischarge of a secondary battery. 
The conventional measure for prevention of any 
overcharge that may be caused by a charger is 
carried out by controlling the charge terminal volt- 
age of a battery during the charging operation, and 
such means is sufficiently effective for a single 
battery or parallel-connected batteries. However, it 
is generally frequent that batteries are used in a 
series-connected state. And in such a case, it is 
impossible to control the voltage of the individual 
battery although the series-connection terminal 
voltage can be controlled. Therefore, when at least 
one of the series-connected batteries is short-cir- 
cuited, the other batteries are overcharged during 
the charging operation, and thus the above method 
fails to achieve complete prevention of overcharge. 
Another overcharge preventive measure is based 
on utilization of a phenomenon that the internal 
pressure of a battery rises upon occurrence of 
overcharge, and it is carried out by mechanically 
cutting the relevant current leadwire to interrupt the 
charge current. The purpose of this method is not 
to prevent overcharge itself but to prevent break- 
down of the battery that may result from an ab- 
normal rise of the battery temperature or high 
internal pressure caused with progress of the over- 
charge. Once the current interruption is executed, 
the relevant battery is rendered nonusable. 

Meanwhile with regard to prevention of over- 
discharge, there is known a method of selecting a 
suitable metal for a negative-electrode current col- 
lector whose dissolution voltage is possibly so low 
as zero. For example, the use of nickel Instead of 
copper is somewhat effective but is not completely 
satisfactory- Particularly in series-connected bat- 
teries, there Sevelops overdischarge unavoidably in 
one battery due to the difference existing among 
the individual batteries, and therefore the life of the 
charge/discharge cycle Is extremely deteriorated. 

In addition to the above, there is also known 
the following conventional method as an 
overcharge/overdischarge preventive measure for 
nonaqueous secondary batteries. 

Fig. 8 is an exemplary constitution of a non- 
aqueous secondary battery such as a lithium ion 
type. 

In this example, a positive electrode is com- 
posed of LiCoOa 6 as an active material, while a 
negative electrode is composed of carbon of a 
graphite structure as an active material. Such ac- 
tive material is held by an aluminum current coliec- 
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tor 8 in the positive electrode or by a copper 
current collector 9 In the negative electrode. 

The positive and negative active materials are 
disposed opposite to each other through a separa- 

5 tor 10, and the space between the two active 
materials Is filled with an organic electrolyte 11. In 
the charge and discharge characteristics of this 
battery, as graphically shown in Figs. 9 and 10, a 
close correlation is existent between the 

10 charge/discharge energy and the battery terminal 
voltage. 

The battery has a design voltage determined 
by the component materials of the battery and the 
design thereof, and an action of charging beyond 

75 such voltage is termed overcharge. As a result of 
overcharge, there occur (1) deposition of the lith- 
ium metal on the negative electrode, (2) decompo- 
sition of the positive-electrode active material, and 
deposition of the cobalt metal or cobalt compound 

20 on the negative electrode due to cobalt ions de- 
rived from the decomposition, and (3) decomposi- 
tion of the organic electrolyte. 

Such deposition of the lithium metal, cobalt 
metal or cobalt compound causes short-circuiting 

25 of the positive and negative electrodes, and the 
decomposition of the positive-electrode active ma- 
terial or the organic electrolyte induces extreme 
deterioration of the battery. It is therefore impos- 
sible to ensure sufficient reliability of the battery 

30 unless overcharge is essentially averted. 

If a charged battery is discharged with an ex- 
ternal load connected thereto, the battery voltage is 
lowered and, in accordance with continuous dis- 
charge, the battery voltage comes to reach the 

35 dissolution voltage of the negative-electrode current 
collector (copper). A further discharging action sub- 
sequent to arrival at the dissolution voltage is 
termed overdischarge. Upon occurrence of such 
overdischarge, naturally the copper is ionized and 

40 liquated into the electrolyte. The dissolution of the 
collector metal causes deterioration of the current 
collecting function and fall-off of the negative-elec- 
trode active material to consequently reduce the 
battery capacity. Furthermore the copper ions thus 

45 liquated are deposited abnormally on the negative 
electrode at the next charging to cause a short- 
circuiting fault of the positive and negative elec- 
trodes. Therefore it is essentially necessary to 
avert such overdischarge as well. 

50 As an overcharge/discharge preventive mea- 

sure for the above-described secondary battery, 
there Is proposed in Japanese patent application 
No. 03-97734 filed April 26, 1991 a method which 
utilizes the correlation between the voltage of such 

55 secondary battery and the charge/discharge energy 
thereof by a procedure of continuously detecting 
the terminal voltage of series-connected batteries 
and Interrupting the charge or discharge current at 
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a predetermined voltage above the design battery 
voltage or below the dissolution voltage of the 
negative-electrode current collector metal, thereby 
preventing any overcharge or overdischarge of 
each battery to ensure the reliability and safety 
thereof. 

Fig. 11 shows a fundamental constitution to 
carry out the overcharge/overdischarge preventive 
method mentioned above. In this diagram, four 
batteries are connected in series and parallel to 
one another. Voltage detectors 12, 13 detect the 
terminal voltages of the batteries in series-parallel 
connection and turn off a switch 14 at any terminal 
voltage above the design voltage to thereby pre- 
vent overcharge. Meanwhile a voltage detector 15 
detects the terminal voltage of the series-connect- 
ed batteries and turns off a switch 16 at any 
terminal voltage below the design voltage deter- 
mined by the metal of the negative-electrode cur- 
rent collector or the cutoff voltage of an apparatus 
which uses such batteries, thereby preventing over- 
discharge. 

However, there still remains the following prob- 
lem even with adoption of the preventive measure 
described. Although the above exemplary constitu- 
tion is capable of detecting overcharge of the in- 
dividual battery or overdischarge of the series- 
connected two batteries, it is impossible to detect 
any unbalanced charge or discharge of the two 
batteries in an operation of simultaneously charging 
or discharging the series-connected batteries. And 
there may occur an unbalance between the 
charged or discharged states of the two batteries in 
such a manner that one battery has been charged 
to the desired set voltage while the other battery 
has not yet been charged to the set voltage, or one 
battery has been discharged to the set voltage 
while the other battery has not yet been discharged 
to the set voltage. Particularly in lithium secondary 
batteries, it is absolutely necessary to avert any 
overcharge or overdischarge. Therefore, when one 
of the batteries has been fully charged in the 
aforementioned conventional circuit, the other bat- 
tery fails to be fully charged even though over- 
charge can be averted by turning off the switch, 
hence inducing an unbalance between the charged 
states of the two batteries. 

OBJECTS OF THE INVENTION 

The present invention provides a method of 
preventing overcharge and overdischarge of bat- 
teries even if the capacities thereof are unbalanced 
due to the characteristic differences among the 
individual batteries in the process of repeating the 
charge and discharge cycle. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 Is a circuit diagram of an exemplary 

embodiment according to the present invention; 
Fig. 2 (A) and (B) are a circuit diagram and an 
explanatory diagram of a hysteresis circuit for 

5 overcharge detection in the present invention; 

Fig. 3 (A) and (B) are a circuit diagram and an 
explanatory diagram of a hysteresis circuit for 
overdischarge detection in the present invention; 
Fig. 4 graphically shows overcharge balance in 

10 the present invention; 

Fig. 5 graphically shows overdischarge balance 
in the present invention; 

Fig. 6 (A) and (B) are a circuit diagram and an 
explanatory diagram of a circuit for detection of 

15 an overcurrent and protection therefrom; 

Fig. 7 (A) and (B) are circuit diagrams for ex- 
plaining reset and overcharge interruption after 
detection of an overcurrent; 
Fig. 8 schematically shows an exemplary struc- 

20 ture of a secondary battery; 

Fig. 9 graphically shows the relationship be- 
tween the charge energy and the voltage of a 
secondary battery; 

Fig. 10 graphically shows the relationship be- 
25 tween the discharge energy and the voltage of a 
secondary battery; and 

Fig. 11 is a block diagram of a conventional 
overcharge/overdischarge preventive circuit. 

30 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Fig. 1 shows the configuration of an 
overcharge/overdischarge preventive circuit accord- 
35 ing to the present invention with a function of 
balancing the capacities of batteries. This circuit 
will be described below with regard to detections of 
overcharge and overdischarge of two batteries Abat 
and Bbat. 

40 A charge current flows from a charging power 
supply or a terminal +Eb, which serves as a 
discharge load terminal, to a terminal -Eb via the 
secondary batteries Abat and Bbat, an N-channel 
MOS transistor T5 and an N-channel MOS transis- 

45 tor T6 (hereinafter referred to as transistor T5 and 
transistor T6 respectively). A comparator C0MP2 
constituting an overcharge detecting circuit detects 
an overcharge of, e.g., 4.3V exceeding a reference 
voltage El, and then outputs a high-level voltage. 

50 (The output voltage is at a low level in a normal 
charging state.) 

In response to such high-level output, a P- 
channel MOS transistor T4 (hereinafter referred to 
as transistor T4) is turned off via an OR gate G7, 

55 and then an N-channel MOS transistor T7 is turned 
on to thereby turn off the N-channel MOS transistor 
T6. so that the charge current is interrupted. And 
simultaneously therewith, an N-channel MOS tran- 
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sistor T1 is turned on via an OR gate G3, whereby 
the overcharge overflow of the battery Abat is 
discharged through a resistor R. 

When the voltage of the battery Abat thus 
discharged down to 4.1V has been further lowered 
therebelow, the-output of the comparator C0MP2 Is 
inverted to a low level, so that the transistors 11 
and T7 are turned off while the transistors T4 and 
T6 are turned on in sequence to resume a rechar- 
geable condition, whereby the batteries Abat and 
Bbat are both charged. 

In case the battery Bbat is overcharged, an 
operation similar to the above is performed as 
follows. A charge current flows from the terminal 
+ Eb to the terminal -Eb via the secondary bat- 
teries Abat, Bbat and the transistors T5, T6. Subse- 
quently a comparator C0MP4 constituting an over- 
charge detecting circuit detects an overcharge of, 
e.g., 4.3V exceeding a reference voltage E2, and 
then outputs a high-level voltage, (The output volt- 
age is at a low level in a normal charging state.) 

In response to such high-level output of the 
comparator C0MP4, the transistor 4 is turned off 
via the OR gate G7 and the transistor T7 is turned 
on, so that the charge current is interrupted. And 
simultaneously therewith, an N-channel MOS tran- 
sistor T2 is turned on via an OR gate G6, whereby 
the overcharge overflow of the battery Bbat is 
discharged through the resistor R. 

When the voltage of the battery Bbat thus 
discharged down to 4.1V has been further lowered 
therebelow, the output of the comparator C0MP4 is 
inverted to a low level, so that the transistors T2 
and T7 are turned off while the transistors T4 and 
T6 are turned on in sequence to resume a rechar- 
geable state, whereby the batteries Abat and Bbat 
are both charged. 

It is to be noted that, when the charge current 
is interrupted by turning off the transistor T6 as a 
result of turning off the transistor T4 and turning on 
the transistor T7 via the OR gate G7 in response to 
the high-level output of the comparator C0MP2 or 
C0MP4, the terminal voltage of the battery is 
lowered to consequently invert the output of the 
comparator C0MP2 or C0MP4 to a low level, so 
that the charging circuit is immediately placed in 
operation again. Therefore it is important here that, 
for the purpose of eliminating such a fault, each of 
the comparators C0MP2 and C0MP4 needs to 
have a hysteresis in the operation thereof for realiz- 
ing a cycle that, when the overcharge overflow of 
the battery Abat or Bbat has been discharged until 
arrival of the voltage at 4.1V, the rechargeable state 
is resumed to start charging the batteries Abat and 
Bbat again. In order to meet such requirement, a 
hysteresis circuit 1 is connected to each noninver- 
ting input terminal of the comparators C0MP2 and 
C0MP4. 
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Now a description will be given below with 
regard to the hysteresis circuit 1. Fig. 2(A) shows 
an exemplary configuration of the hysteresis circuit 
1 connected to the noninverting terminal of the 

5 overcharge detecting comparators C0MP2 and 
C0MP4, and Fig. 2(B) is an explanatory diagram of 
an overcharge hysteresis voltage. Hereinafter the 
battery Abat will be described as an example. 

In Fig. 2(A). when the voltage Eb of the battery 

10 Abat is raised by charging up to, e.g., 4.3V and the 
overcharge-detecting tap voltage VI of a resistance 
ladder has exceeded the reference voltage El , the 
output of the comparator C0MP2 is inverted from a 
low level to a high level to consequently turn off 

15 the transistor T6. 

Meanwhile a high-level output of an inhibit cir- 
cuit 3 is supplied to a control terminal C to change 
an analog switch SW1 to an H terminal, so that the 
voltage V2 is used as a comparison voltage. Since 

20 the voltage V2 is so set as to become higher than 
the reference voltage El despite any drop of the 
battery terminal voltage caused as a result of in- 
terruption of the charge current, the transistor T6 
(shown in Fig. 1) is held In its off-state and there- 

25 fore the charging action is not started immediately. 
In this manner, it becomes possible to retain a 
hysteresis in starting the charging action. 

The overcharge hysteresis voltage shown in 
Fig. 2(B) will now be described below with refer- 

30 ence to Fig. 4. 

In this diagram, one half of the final charge 
voltage 8.2V of the charger is shown as a hyster- 
esis voltage, wherein 4.3V corresponds to the de- 
tection voltage V1 of the resistance ladder, while 

35 4.1V corresponds to the detection voltage V2. If the 
final charge voltage is not attained even when the 
voltage of the battery Abat raised due to the unbal- 
anced charging of the batteries Abat and Bbat has 
reached a point (e.g., 4.3V) immediately before a 

40 critical area, the overcharge detecting circuit func- 
tions to turn off the transistor T6, thereby interrupt- 
ing the charge current. Upon interruption of the 
charge current, the battery voltage begins to be 
lowered, and thereafter it is further lowered through 

45 discharge down to 4.1V by the discharging circuit 
consisting of the aforementioned transistor T1 and 
resistor R, When the battery voltage has dropped 
below 4,1V. the output of the comparator C0MP2 
is inverted to a low level to turn on the transistor 

50 T6, so that the charging action is resumed until the 
voltage of the battery Bbat reaches 4.1V. 

The charge cycle of both batteries is executed 
in this manner to consequently achieve a balanced 
charging operation while preventing any over- 

55 charge of each battery. 

If the batteries are placed in a normal charging 
state under such condition where the transistor T6 
is turned off. an undermentioned overcurrent de- 
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tecting circuit is actuated even by a small current 
to consequently render the discharge impossiible. 
In this case, therefore, the analog switch SW1 is 
changed to its L-side by the hysteresis inhibit cir- 
cuit 3 to thereby turn on the transistor T6. 

Now the detection of overdischarge will be 
described below with regard to the battery Abat 
taken as an example. In Fig. 1, the comparator 
C0MP1 produces a high-level output upon detec- 
tion of an overdischarge (e.g., 1.8V) of the battery 
Abat. (The output voltage is at a low level in a 
normal discharge state.) 

In response to the high-level output of the 
comparator C0MP1, an N-channel MOS transistor 
T5 (hereinafter referred to as transistor T5) is 
turned off via an OR gate G8 and a NOR gate 9, 
and then an N-channel MOS transistor T3 
(hereinafter referred to as transistor T3) is turned 
off via a gate G11 to thereby interrupt the dis- 
charge current. And simultaneously therewith, an 
N-channel MOS transistor T2 (hereinafter referred 
to as transistor T2) is turned on via an AND gate 
G5 and an OR gate G6, whereby the residual 
capacity of the battery Bbat is consumed through 
the resistor R. 

In this stage the output of the OR gate G3 is 
inverted to a low level via the gate G1 and the AND 
gate G2, whereby the transistor T1 is held in its off- 
state so as not to operate the overdischarge bal- 
ancing circuit for the battery Abat. 

In an attempt to retain a hysteresis in the 
overdischarge detection also, a hysteresis circuit 2 
shown in Fig. 3(A) is connected to the noninverting 
input terminal of the comparator C0MP1. In this 
diagram, when the voltage Eb of the battery Abat is 
lowered due to discharge and the overdischarge- 
detecting tap voltage V4 of a resistance ladder has 
dropped beyond the reference voltage E1 , the out- 
put of the comparator C0MP1 is inverted from a 
low level to a high level to consequently turn off 
the transistor T5, thereby interrupting the discharge 
current. 

Fig. 3(B) shows the overdischarge hysteresis 
voltage, which will be described below with refer- 
ence to Fig. 5. 

If the final discharge voltage of an apparatus 
using the batteries is not attained even when the 
voltage of the battery Abat has been lowered due 
to the unbalanced discharging of the batteries 
down to 1 .8V which is immediately before a critical 
area, the aforementioned voltage V4 is inputted to 
the comparator G0MP1 to perform the over- 
discharge detection, thereby turning off the transis- 
tors T3 and T5 in sequence. Since the battery 
voltage is raised upon interruption of the discharge 
current, the hysteresis voltage (e.g., 2V) is so set 
as not to turn on the transistor T5 again imme- 
diately. 
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More specifically, the analog switch SW2 in the 
hysteresis circuit 2 is changed to its L side so that 
a voltage V3 higher than the aforesaid voltage V4 
is set as a comparison voltage. Therefore, even if 

5 the terminal voltage of the battery Abat is raised 
due to interruption of the discharge current, the 
aforementioned off-state is maintained since the 
voltage V3 is set to be lower than the reference 
voltage E1. And during such period of time, the 

10 battery Abat Is kept free from any overdischarge 
while being merely self-discharged to a slight ex- 
tent. Thus, when the overdischarge detection is 
actuated, the battery Bbat is discharged by the 
internal discharge circuit consisting of the transistor 

75 T2 and the resistor R, whereby the discharge 
states of the two batteries are balanced. In this 
stage, the output of the overdischarge detecting 
comparator C0MP3 for the battery Bbat is at a low 
level while the output of the gate G4 is at a high 

20 level, so that the transistor T2 is turned on via the 
AND gate G5 and the OR gate G6, whereby the 
internal discharge of the battery Bbat is executed 
through the resistor R. 

The overdischarge detection is actuated also 

25 when the batteries are still connected even after 
the apparatus using the batteries is switched off at 
the final voltage. 

The procedure of operation described 
hereinabove with regard to the battery Abat is 

30 applied to another battery Bbat as well. 

In the operation of the 
overcharge/overdischarge balancing circuit men- 
tioned above, it is observed that, in view of the 
relationship between the charge time and the bat- 

35 tery voltage with respect to the overcharge balance 
shown in Fig. 4 and also the relationship between 
the discharge time and the battery voltage with 
respect to the overdischarge balance shown in Fig. 
5, balanced charging can be achieved between 

40 4.1V and 4.3V in the case of overcharge while 
balanced discharging can be achieved between 
1.8V and 2V in the case of overdischarge by the 
connection of the hysteresis circuit to the input of 
each comparator. 

45 Referring now to Figs. 6 and 7, a description 

will be given on detection of any overcurrent and 
protection therefrom executed when the overcur- 
rent flows in the aforementioned 
overcharge/overdischarge detecting circuit as a re- 

50 suit of short-circuiting or overload. 

Fig. 7 is a circuit diagram where the circuit of 
Fig. 1 is partially simplified into blocks for explain- 
ing a short-circuited state of the + Eb and -Eb 
terminals to which a discharge load 4 or a charging 

55 power supply 5 is connected. 

Upon flow of an overcurrent (e.g., 3A) derived 
from the short-circuiting between the + Eb and -Eb 
terminals, the voltage caused by such overcurrent 
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and the saturation resistance of transistors T5 and 
T6 kept in an on-state during the normal operation 
is applied to the noninverting input terminal of a 
comparator C0MP5 normally at a low level), so 
that a high-level output is produced from the com- 
parator C0MP5 and then is supplied via NOR 
gales G9 and G10 to the transistor T5, thereby 
changing its gate voltage Eg to zero to conse- 
quently interrupt the overcurrent. 

During a normal operation without a flow of any 
overcurrent. the gate voltage Eg has a value suffi- 
cient to cause a flow of the maximum current in the 
transistor T5 as shown In Fig. 6(B). However, upon 
detection of any overcurrent, first the voltage at the 
resistor R1 is changed to zero after a delay (200 
usee) determined by the internal time constant of 
the circuit And during such period of time, the gate 
voltage Eg of the transistor T5 is divided by the 
resistors R1 and R2 to be lowered, whereby the 
current flowing in the transistor T5 is limited. Sub- 
sequently the voltage at the resistor R2 is changed 
to zero after a delay (several msec) determined by 
the time constant C1R3 of the resistor R3 and the 
capacitor C1. And when the gate voltage Eg has 
reached zero, the transistor T5 is turned off to 
interrupt the overcurrent, thereby protecting the 
circuit therefrom. The reference voltage E3 of the 
comparator C0MP5 is so set as to detect the limit 
current (Fig. 6(B)) flowing in the transistor T5. 

As described above, when the overdischarge 
detection is actuated, the gate voltage is naturally 
reduced to zero to thereby turn off the transistor 
T5. 

However, if the battery is discharged in the 
state where the transistor T6 is turned off by the 
overcharge detection, a current flow is caused via a 
parasitic diode D2 of the transistor T6, so that a 
forward voltage drop (0.7V) through such parasitic 
diode is detected by the comparator C0MP5, and 
therefore the aforementioned overcurrent detecting 
circuit may be erroneously placed in operation 
even though the above current is not any overcur- 
rent to consequently turn off the transistor T5. In 
such a case, the output of the hysteresis inhibit 
circuit 3 in the overcurrent detecting circuit is in- 
verted to a low level to change the analog switch 
SW to its L terminal, thereby halting the overcur- 
rent detection and turning on the transistor T6. The 
speed of this operation needs to be higher than 
that of the overcurrent protecting circuit. 

Referring now to Fig. 7, a description will be 
given below with regard to how the circuit is reset 
after detection of an overcurrent. 

Upon flow of any overcurrent due to short- 
circuiting of the load or occurrence of any overload 
as mentioned, the comparator C0MP5 detects the 
overcurrent and then turns off the transistor T5. 
When the transistor T5 is thus turned off. the 
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potential difference between the -Eb terminal and 
the battery ground GND is pulled toward the load 
via the parasitic diode D1 of the transistor T5 and 
is thereby raised to a high voltage + Eb (4 to 8V). 

5 When the overload is removed in such a state, the 
circuit fails to be reset if the -Eb terminal is con- 
tinuously held at the high voltage. Therefore a 
small current is caused to flow via the transistor T3 
and the resistor R4 to lower the voltage at the -Eb 

70 terminal to the vicinity of zero volt. Although this 
current is small, if the overloaded state (including a 
light-loaded state changed from the preceding 
overloaded state) is left uncorrected long, it follows 
that a useless current flows from the battery. Since 

75 such phenomenon brings about a problem particu- 
larly in the final stage of the discharge, the transis- 
tor T3 is turned off to interrupt the current when the 
overcurrent detection is actuated. 

If the transistor T6 is turned off during the 

20 overcurrent detection, the terminal voltage of the 
charger is raised and then the voltage at the -Eb 
terminal is pulled by such raised voltage to be- 
come lower than the battery ground GND differ- 
ently from the voltage pulled by the characteristic 

25 of the charger. When the -Eb terminal is turned to 
be negative, there may occur an occasion where 
the transistor T6 fails to be completely turned off 
even if its gate voltage is lowered to the battery 
ground GND. Therefore, since the transistor T7 is 

30 in its on-state at the time of detection of any 
overcharge, the gate of the transistor T6 is short- 
circuited to the -Eb terminal via the transistor T7 to 
thereby perform complete interruption. In case the 
overcharge detection is not in operation, the tran- 

35 sistor T4 is in its on-state to supply the gate 
voltage to the transistor T6, which is thereby main- 
tained in the on-state. 

The embodiment shown in Fig. 1 represents an 
exemplary circuit for realizing the technical concept 

40 of the present invention, and it is a matter of 
course that the component elements, the circuit 
system and the set voltages are not limited merely 
to those in the embodiment. It is also to be under- 
stood that the present invention is applicable to 

45 series connection of three or more secondary bat- 
teries, and it may be used in the form of an 
integrated circuit. Such circuit can be incorporated 
inside or outside of batteries as well as in a battery 
pack or a charger. 

50 According to the present invention where 

overcharge/overdischarge detection is performed 
with a hysteresis, the capacities of individual sec- 
ondary batteries can be balanced during an over- 
charge or overdischarge action to achieve en- 

55 hancement in the charge/discharge cycle while at- 
taining complete prevention of any overcharge or 
overdischarge of each battery. 
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Claims 

1. A circuit for preventing overcharge and over- 
discharge of series-connected secondary bat- 
teries, comprising: 

an overcharge detecting circuit and an 
overdischarge detecting circuit having a hys- 
teresis characteristic and connected between a 
positive electrode and a negative electrode of 
each of said secondary batteries; 

a discharge circuit connected between the 
positive and negative electrodes of each sec- 
ondary battery and controlled by an output 
level of said overcharge detecting circuit or 
said overdischarge detecting circuit; 

a circuit for Interrupting the charge current 
in accordance with the output level of said 
overcharge detecting circuit; 

a circuit for interrupting the discharge cur- 
rent in accordance with the output level of said 
overdischarge detecting circuit; and 

a discharge load or a charging power ter- 
nnlnal; 

wherein overcharge and overdischarge of 
any of said secondary batteries are prevented, 
and the capacities of said batteries are bal- 
anced in both overcharge and overdischarge 
actions. 
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covering means is connected between a posi- 
tive and a negative electrodes of each of said 
series-connected batteries and is controlled by 
the detection result of said detecting means. 

5 

4. A circuit for preventing overcharge and over- 
discharge of series-connected secondary bat- 
teries according to claim 2, said control means 
controls said balance recovering means to dis- 

10 charge a battery in a overcharged state upon 
detection of overcharge by said detecting 
means. 

5. A circuit for preventing overcharge and over- 
75 discharge of series-connected secondary bat- 
teries according to claim 2, said control means 
controls said balance recovering means to dis- 
charge a battery not in a overdischarge state 
upon detection of overdischarge by said de- 

20 tecting means. 

6. A circuit for preventing overcharge and over- 
discharge of series-connected secondary bat- 
teries according to claim 2, said circuit further 

25 comprises a overcurrent detection means in 
said circuit, and a cut off means for cutting off 
said over current. 


2. A circuit for preventing overcharge and over- 30 
discharge of series-connected secondary bat- 
teries comprising; 

a detecting means for detecting over- 
charge and/or overdischarge state of each of 
said series-connected secondary batteries In- 35 
eluding, 

an overcharge detecting circuit by compar- 
ing a voltage of each of said batteries and a 
reference voltage, 

an overdischarge detecting circuit by com- 40 
paring a voltage of each of said batteries and a 
reference voltage, 

A first switch for cutting off discharging 
current, 

a second switch for cutting off charging 45 
current, 

control means for controlling on and off of 
said first and second switch according to the 
detection results of said detecting means, 

balance recovering means for recovering 50 
the capacity balance of said each of series- 
connected batteries, 

a discharge load, and 

a charging power supply terminal. 

55 

3- A circuit for preventing overcharge and over- 
discharge of series-connected secondary bat- 
teries according to claim 2, said balance re- 


8 
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Fig. 3(A) 
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Fig, 4 
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Fig. 6(A) 
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Fig. 8 
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Fig. 11 
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